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(57) Abstract 

Immunoglobulins specific for the polypeptides encoded by the erb oncogene are provided. The amino acid sequences of 
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the immunoglobulin other than the complementarity determining regions. Also provided are nucleic acid sequences encoding a 
humanized immunoglobulin, replication vectors cont^ing such nucleic acid sequences, and host cells containing the vectors, for 
the expression of humanized immunoglobulins. Therapeutic and diagnostic compositions for administration to patients are also 
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Humanized C-erbB-2 specific antibodies 



Field of the Invention 

The present invention related to the field of molecular biology in general, 
and the field of chimeric immwioglobulins in paiticular. 



The present invention relates to altered immunoglobulin molecules in which 
at least pan of the complementarity determining regions in the light or heavy chain 
variable domains have been replaced by analogous complementarity determining 
r^ion(s) from a muiine antibody specific for c-ertkB-2. 



carcinoma cells but is either not expressed, or expressed at much lower levels^ in 
non-cancerous cells. It is thus of interest to provide antibodies specific for the erb 
encoded protein. Antibodies specific for this protein may be used to assay for the 
presence of cells oqpressing the &b encoded protein, or may be sqiplied to patients 

15 so as to specifically bind to carcinoma cells either for diagnostic, imaging or 
therapeutic purposes. 

It is of interest to produce monoclonal antibodies specific for antigens that 
are expressed in much higher amounts in tumors, such as eib. Monoclona} 
antibodies have numerous advantages over polyclonal andbody preparations to the 

20 same antigen. These advantages include higher specificity and the ability to 
r^roducibly generate large quantities of the antibody of interest. Since most 
monoclonal antibodies are of murine or non-human origin, their administration 
into human patients is a significant problm. IntrodnctiQn of non-human 
antibodies into human patients may have a variety of advme ^ects. Such 

25 adverse effects include the development of an antibody response directed to many 
portions of the administered monoclonal antibody, such as KAMA (human anti- 
mouse antibody). Additionally, the antibody may fail to interact with other 
portions of the human immune system, e.g., a murine antibody Fc region may not 
interact with human Fc recqstors. thus resulting in the absence of the desired 



5 



Background 



10 



The c-erb-2 (HER-2) oncogene may be expressed in human breast 
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immune response to cells displaying the antigen of interest, or may fail to activate 
complement. Attempts to pnxiuce human monoclonal antibodies specitic for 
antigens of interest have provai to be difScult for sevraai reasons, including the 
lack of good fiisum parmers far human ceils^ ethkal problrans assogiatBd with 
5 tmimifiiziiig human patiems to obtain lymphoc^rtBS, as well as difficulty in 

obtaining human lymphocyte donors. Because of the difficulties associated with 
obtaining human antibodies specific for the desired antigen, it is of interest to 
piDvye for "humanized'' murine antibody spodSo for the antigen, i.e. , an 
antibody that contains ptimaiilylnmianaminQ acid and some of the 

10 vambie region sequence of a conventicnial murine antibody specific for the desired 
antigen. 

Humanized antibodies (or more generally, humanized iinmunoglobulins) 
have at least three potential advantages over murine antibodies for use in human 
th^i^y. 

IS ^cause the constant region portion is human, a hrnnariiTiert antibody may 

interact better with other parts of the human inmiune system (e.g., destroy the 

target cells more efi&cientiy by complemrat dependant cytotoxicity or antibody- 

d^endent cdhdar <^totoxidty}. 

The human immune system should not recogmze the humanized portions of 
20 the humanized immunogjobului as faqgn, and then^are the immune le^xmse 

against an injected humanized immunoglobulin should be less than the immune 

response against an injected totally murine immunoglobulin. 

fiyeded murine antibodtes have been xiq>oxted to have a half-life in the 

human dicidatiaiL much shorty than tiie half-life of human antibodies (Shaw, ^ 
25 al ^ 1 TntmnnnT T-^R-d^^A-A^^R rtogT)} K IS possble ^ injected htimamzed 

immiimoglobnlins will have a half life more like that of human immunoglobulins, 

thus allowing smaller and less frequent doses of ther^eutic immunoglobulins to be 

adminisfered to the boify with the same or better outcome. 

Numerous attempts have been made to ciicumvrait the problems assodated 
30 widi administetmg non-human monoclonal antibodies to humans by modifying 

non-human antibodies so as to solace non-human sequences witii amino acid 
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sequence derived from human antibodies. Several publications, patents and patent 
applications disclose humanized antibodies and methods for their production by 
leccxmbmant DNA technology. See for example, Eun^>ean Patent Application 
EPA-0-239-400, Recombinant Aatibodies and Methods for Their Production; PCX 
5 Application W089i(B6S2, lLr2 Recqytor-Spediic Cfaim^c Antibodies; fiunqiean 
Patent Application EPA 0-338-745, Method for Producing Recombinant DNA 
Prot^s; and European Patent Application EPA 0-332-424, Chimeric Antibodies 
Diliected Against Human Caidnoembryonic Antigen. Typically, murine 
monoclonal antibodies are raised against an antigen of inteiest, the 
10 immunoglobulin genes encoding the antibody of interest are th^ extracted from 
the hybridoma genome, sequenced, and genetically manipulated so as to replace 
non-human constant region sequences with human constant region sequences. 
Such "chimeric*' antibodies contain murine variable regions and human constant 
regions, 

15 Although othm, e.g., Winter in BPA-0-239-400, have replaced human 

hypervariable sequences with murine hypervariable sequence specific for an 
antigen of interest in order to obtain humanized "hyperchim^c" antibodies 
specific for an antigen, such teachings provide no expectation of success for 
attempts t0 produce humanized antibodies (or derivatives thereof) specific for c- 

20 eibB-2 or any other given antigen. Antigen combining sites have complex 3- 
dimensional structures that are in part dqsendant on the primary amino acid 
sequence of the variable region of inununoglobuiins. The general procedure and 
concerns associated with produdng humanized, chimeric and hypercliimeric 
antibodies can be found in Antibody Enginesering. edited by Boneback, W. H. 

25 Freeman and Co. Publishers. Thus changing several amino acids widun tiie 
variable region of an inununoglobulin would not be expected to have an 
predictable effect on the structure (and consequently on antigen binding properties) 
of fte variable r^on. 
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Siimniary of Invention 



The subject iBvention provides far humanized immunoglobulin molecules 
(and denyatwes theieoQ spediic for c-eabB-2. Nuddc add sequences sicoding 
these imnmnogldbofins, and ceils for the eiEpiesaoit of the humanized 
5 immunog^obulms ate also provided for. 

The subject invention also provides for methods of using the humanized 
immunoglobulins U> diagnose and treat cancer. Cells for the production of 
humanized c-^2 immunoglobulins and m ^nthesis mediods for these 
immunogiobuEns are also tau^.: 

10 Description of Figures 

Figure 1 provides the nucleotide sequence (total 1554 base pairs) encoding 
a humanized androHBl spedfic Fab fragment (5EQ ID:No. 1) derived from the 
hypervaiiable regions (also refened to as complaneniari^ dexexaamag le^ohs, of 
abbreviated CDR] of murine anti-c-eibB>2 monoclonal antibody 520C9. The 

15 humanized light and heavy chains of the Fab fragment have been modii^ed to 
contain an Em, £Qit pho A leader sequence. A plasmid comprising the nucleotide 
sequence of Rgure 1 is pLW187. TheE«.££di stimn contaimngpLWl^ is 
refieired to as TLWlTO^l in tins s^qplicatlon. 



The sequence of Figure 1 (SBQID^o. i) may be divided into the 



20 



following subsequences: 



U143bp phoA promoter and leader; 



25 



30 



144Hr79bp Humanized Heavy Chmn; 

144-233r ¥B1 Qsmm parent TSYC 1147-28); 

234-248 CDTBtl (mouse 520C9); 

249-290 FR2 (human parent TSYC 1147-28); 

291-342 CDR2 (mouse 520C9); 

343-437 FR3 (human parent TSYC 1147-28); 

438-455 CDR3 (mouse 520ra); 

456-488 FR4 (human parent TSYC tl47-28); 

489-779 Human ^avy Oiain Constant Re^on 
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780-821KT3 tag; 
822-893bp phoA leader; 
894-lS3Sbp Humanized Light Chain; 

894-966 FRl (human paient TSYC 1150-38); 
5 967-998 CDRl (mouse 520C9); 

999-1043 FR2 (human parent TSYC 1150-38); 

1044-1064 CDK2 (mouse 520C9); 

1065-1160 FR3 (human parent TSYC 1150-38); 

1161-1187 CDR3 (mouse 520C9); 
10 1188-1220 FR4 (human parent TSYC 1150-38); 

1221-1538 Human Light Chain Constant Region; 

1539-1554 Xhol/ Bamm Cloning Sites; 

I^gure 2 represents a gaierail sdieme for humanizing murine monoclonal 
antibodies by overh^ing PCR. 
15 Figure 3 represents the scheme and PCR primers used to pnxiuce a 

humanized heavy diain immunoglobulin. 

Figure 4 represents the scheme and PCR primers used to produce a 
humamzed light chain immunoglobufin. 

Figure 5 represents the scheme used to introduce a phoA leader sequraice 
20 and promoter sequence in front of a humanized immunoglobulin. 

Figure 6 represents the scheme used to correct an unintentional sequence 
error made during the production of a Iwmanized liglit chain derived 
immimogiobulin made according the scheme described in Figure 4. 

Eight primers and four templates are used in three xound of overlying 
25 PCR. LWOl is the primer specifically designed for amplifying the 5* end of the 
piioA sequence. LW16 and LW17 is a set of complementary junction pzimen 
which sit at the end of the phoA leader and the beginning of the coding sequaice 
m FRl. The template pSYC1087 contains the phoA pramter and, when used with 
primers LWOl and LW17, will yield a fragment (1) containing a 5' Hindm site 
30 and a 3' end bearing sequoice for the beginning of PRl. CLC27 is a primer 
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whicli anneals to the end of FR2 and part of CDR2. PGR using LWI6 and 
CLC27, with the template "G8-11" will result in a product (U) containing correct 
FRl, CDRl, FR2 and CDR2. Complementarity of LW16 aiul LW17 aUow 
anneafing of fragments I and H m a second nmnd of PGR, produdng fragm«it 
5 (V). 

CLC26 is a primer which contains CDRl and partial FR2 sequence but 
does not reach amino acid #43. CLC29 is complementary to CLC30 and anneals 
to BR4 as well as the beginning of the human light chain constant region. PGR 
with CLC16 and CLC29, using ten^late "3S-1S" yields a product QD)^ cootaming 

10 correct CDM^ incorrectFR-l containing alanine at amino add ^ 

CDR2, PR3, CDR3, and FR4, Since "38-18" has an incorrect constant region, 
"38-17" is used as template for primer CLC30 and LW20. This fourth PGR 
product ((V) contains correct CpR3, FR4, and human light chain constant region. 
Gomplememaii^ of CLC29 and dLC30 at CDR3 allow fragments IE and IV to 

15 anneal for the second round of txvcdap PGR, producing fragment VI. 

PGR fragments V and VI are complementary at fiamework 2 except at 
amino acid residue #43^ where in fcagment V ^e residue is threonin& (ACC) and 
where in fragment VI, the residue is idanine (GCC). Anneaiing of these two 
fragments chniiig the final nnmd of PGR will jdeld products which due to the 

20 diffiaing nature of its tmplates, wM bear amino add alanine or tiireonine at 
residue 43. 

Description of Spacifip Ernhndiments 

A. D^jgitions 

An imnnmDglcMlm molecule inay be divided into sevecid regi^ An 

25 innnunoglobuhn molecule may comprise one or more poJypepddc chains, i,e. a 
muM-polyp^de immunoglobulin. IgG, for example, consists of 2 heavy iJ3) 
chains and 2 light <L) chains. An immunoglobulin chain typically comprises 
variable regions and constant regions; the H chain of IgG contains one variable 
region and one constant i^on, eadi constant region has a different sequence, and 

30 tb&CL) chain has one variable and one constant region. The constant region of an 
H chain can be furthCT subcfivided into 3 domains^ each of whicb forms a sq)arate 
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compact tightly folded 3 dimensional unit. The L and H variable regions are 
similarly folded into separate compact units. The variable region of an 
immunogloimlin diain (H and L) may be fuith^ divided into three hypervariable 
regions (also called complementarity ctetermimng regions, abbreviated CDR) and 
5 four framework r^ons (abbreviated FR). The fxamewoik regions sqKoate the 
hypervariable regions from each other in the linear amino acid sequence. 
Compared to the hypervariable or CDR regions, the framework regions comprise 
amino acids that do not vary as much between immnnogiobuiins produced by the 
same organism and are leasonably fixed in 3-dimensianal space. Framework 

10 region anuno acids sequences may exhibit more variation w ithin an organism than 
constant region amino acid sequences. Hypervariable regions, on the other hand, 
vary to a much greater extent between individual immunoglobulin molecules 
produced by the same organism, and are less well fixed in 3-dimensional space. 
The hypervariable regions are believed to fbnn a major part of fbc antigen fainding 

IS site an antibody. The framework regions of the immunoglobuliiis are believed 
to form two opposing beta-pleated sheets, which are the basic structural element of 
the domain. These strands of the beta sheet are connected by loops of polypeptide 
chain which are thought to comain the hypervariable regions of the variable region 
of an immuno^buUn. interactions between cmain ftamework and CDR residues 

20 may influence the foldmg of the protein, paiticulaily the liypmaiiable loqps, and 
affect the ability of the antigen binding site to recognize antigen. 

Constant regions of an immunoglobulin are located distal or C-terminal to 
the variable n^ion. Coostam regions may be of a light chain class including 
kaqspa and lambda chain constaid; regions (and the various subclasses flMreof), or 

25 may be of a heavy chain dass inchiding the heavy chain constant regions of IgG, 
IgNd, IgA, IgD, and Ig£ antibodies (and the various subclasses thereof). 

"Operably joined" refers to a juxtaposition such that normal function of the 
conqxinents can be performed. Thus, a coding sequence "operably joined" to 
expression control sequences refers to a configuration wherein tite coding 

30 sequCTces can be expressed under the control of these seqiim»s. Such control 
may be direct, that is, a single gene associated with a angle promoter, or indirect. 
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as in the case where a potycistionic transcr^)t is expressed from a single promoter. 

"Control sequence" and "expression control sequence" rrfer to a DNA 
sequence or sequences necessaiy for the &xpscsskm or iiqgulatian (transoipdonal 
or transiatumaQf of an opembly joiiied coding sequence in a ixiiticular host 
5 organism. The control sequences, that are suitable for procaryotes, for example, 
include a promoter, optionally an operator sequence, a ribosome binding site, a 
transrriprinn tenninator, and possible other as yet poorly understood sequ^ices. 
Eucaxyotic ceils are known to utifize oantrol sequences, whk^ include pmnoters, 
polyadenyladon signals, enhancerSy sttencm, and the like. 
10 The term "functional pair" when used with refer^ce to variable regions 

(humanized or otherwise) intends a set of 2 variable regions (one derived from the 
L chain and one from the H chain) that form art antigen combining site in an 
antibody. Functionai pairs of variable regions spsdGc for an antigen of interest 
may be found in the variable region from the heavy chain and the variable region 
15 from the light chain of an antibody specific for the antigen of interest. Bxanqiles 
of &nctional pairs of variable regions include the polyp^tides encoded by 
nucleotides 144-488 and nucleotides 894-1220 of Figure 1 (SEQ IDiNOI). 

The term "functional proximhy" when used.wkh reference to variable 
regions (huxnanized or odierwise) ifitmis ttm the functionai pair of L and H 
20 variable regions be spatially located with reflect to each odier so as to form an 
antigen combining site. 

The terms "heavy chain-derived" and "light chain-derived" when qiplied 
to immunoglobulins of the subject inventicm indka^ that tibe variable region 
hypemriable sequences in the ^>ed£ied polyp^tide are present on either the 
25 heavy chain or tiie light chain, respectively, of the antibody ftom which die 
hypmarmble sequences of interest were ori^nally discovered. 

The term "humanized" as applied to immunoglobulins intends that at least a 
portion of the framework regions of an imipmipglobalin are 6smed from human 
immunoglobulin sequmces, 
30 When sequences axe said to be "human", all human alleles for the given 

sequence, in addMon to the sequiSDce specificaUy exeniplified, are mduded. 
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Moreover, the subject invention contemplates that minor amino acid sequence 
Changes, including substitutions, (Actions, and insertions, typically in the range of 
about 1 to 5 amino adds, may be made to humanized immunoglobulins specitic 
for c-eibB-2 without significantly altering the binding specificity of the 
5 immunoglobulin. 

When a ^nctional pair of variable regions are "specific" for a given 
antigen (or hapten), the antigen combining site formed by the functional pair is 
capable of binding to the antigen (or hqjten) of inteiest more strongly than to 
landomly selected molecules. 

10 B. CFcngral Pcscription 

The subject invention provides for immunoglobulin molecules with variable 
regions comprising the hypervaiiable r^ions of the anti-c-eibB-2 qiecific 
antibodies (in particular the murine monoclonal antibody S20C9), human 
framework regions, and human constant region sequences. In addition to 

15 providmg for humanized c-eitiB-2-specific immunoglobulin molecules, the subject 
invention also includes nucleic add sequences encoding the humanized 
immunoglobulins, as well as odl host systems for the expression of humanized 
immuno^obulins. 

Humaiiized immunoglobulins specific for antigens of interest may be 

20 obtained by prq}aiing non-human, preferably murine, monoclonal antibodies 
against an ant^en of interest^ detemuning the amino acid sequence of the non- 
human ant&ody, prefieiably by isolating (by any of a variety of well known gene 
isolaticm tedmiques, including PCR) and sequencing cDNA sequences encoding 
the chains of the non-human monoclonal antibody of interest. The amino acid 

25 sequence of the hypervaiiable regions of the non-human monoclonal antibody may 
then be compared with canonical framework region sequences and hypervariable 
region amino acid sequences of human immunoglobulin variable re^ons so as to 
d^ermine whidi amino adds must be changed to humanize the non-human 
sequence. Guidance for selecting the framework sequences and hypervariable 

30 sequences within the variable region of an inununoglobulin can be found in several 
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publications, including the article by Chothia, et al. Natrnie 342:878-879 (1989) 
and the book Antibody Engineering: A Practical Guide . Bon^aedc: ed,. W. H. 
Fic&oam and Co. publisher. By de termining which sequences in tbe non-human 
immunoglpbulin gene specific for the anfig^ of interest constitute :6namewoik 
5 regions and which constitute hypervariable regions, it becomes possible to 

synthesize a variety of humanized immunoglobulins having an antigen specificity 
eimiinr fo ♦ha*' of the non-human inununoglobulintbat serves as the information 
source for the sequence regians. 

TTiimnniTed variable xegions specific for c-eibB-2 may be joined to a human 
10 constant region(s), or portions thereof. Joining of a humanized variable region to 
a constant region gives rise to a polypeptide in which the amino-terminal portion 
comprises the humanized variable region and die caibox^^-tramihal portion 
comprises human constant region sequence. Such constructs may be refimed to as 
"hypercfaimeric". TTmnflfimd light chain-derived variable regions may be 
IS operably joined to light chain constant regions so as to form functional 

immunoglobulin chains. Similarly, humanized heavy chain-derived variable 
regions may be operably joined to heavy chain constant xegions so as to form 
functional immunoglobulxn molecules. In a prdeacd onbodimmts of die 
invention humanized light chain-derived vartslble region is operably joined to 
20 human light chain constant region, and humanized heavy chain-derived variable 
region is operably joined to a human heavy chain constant region(s). 

In addition to providing for humanized immunog^uUns spodSc for c- 
eibBr2, the subject InventiQn also provides for various polypi^tictes (and 
oonespondhig nucleic acid sequences) cooqirising poitions of c-orbBrl spoaRc 
25 humanized immunoglobulins, in particular the variable region portion of the 
humanized immunoglolmlin. Furthermore^ the subject inventiDn provides for 
various derivatives of c-eifxB-2 specific iiamiunog^obulin chains that comprise 
aifiditional polypeptide sequences. These additional polypqrtide sequaices may 
have any of a variety of fimctions including^ enzymes, toxins^ antigoiic tagging 
30 sequences^ and the like. 

Many modifications and variations of humanized variable region sequences 
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within tiie present demonstrative nucleic acid sequence of Figure 1 (SEQ ID: NO 
1) are possible. For example, the degeneracy of the genetic code allows for the 
substitution of nucleotides (which can be used or optimized in accordsmce with 
codon usage patlnns for eaqiression in various host cells) duonghout the 
5 polyp^de codintg vegions, as weU as for the substitution of the translational stc^ 
signal specifically exemplified. Such sequences can be deduced firom the known 
amino acid or DNA sequence of the 520C9 antibody ctiains (and the constant 
regions or antibodies of difierait classes) and can be constructed by convrational 
synthetic pioceduies. Such synthetic methods can be carried out in substantial 

10 accordance with the procedures of Itakura, et al .. 1977 Science 198:1056, Crea, 
et al . Proc. Nat. Acad. Sci. USA 75:5765 (1978). In addition, synthetic genes 
(and fragments thereof) and linicers can be synthesized either by using a Systec 
1450a DNA synthesizer (Systec, Inc. , 3816 Chandler Drive, Minnesqxdis, 
Minnesota) or an .Applied Biosystms 3B0a DNA synthesizer (Applied Biosystems, 

15 Inc. 850 Lincoln Center Drive, Foster City, California 94404). Many other DNA 
synthesizing instruments are known in the art and can be used to make synthetic 
DNA fragments. Therefore, the present invention is no way limited to the DNA 
sequences qxdfically exemplified. 

A preferred method of synthesizing nucleic acid sequences encoding 

20 humanized immunoglobulins is by means of overlying PCR. The technique of 
overliving PGR is described in the article by Horton, ^ aJ, Gene 77:61-68 
(1989) and in U.S. Patent No. 5,023,171. The technique of overlapping PCR may 
be used to produce a tmmanized inununoglobulin by perfonning overiapping PCR 
on cDNA sequence from a human inununoglobulin gene with the appnyriate 

25 oligonucleotide primers. 

In brief, the technique of PCR splicing by overlay) extension is as follows. 
PCR oligonucleotide primer pairs are prqiared. Each oligonucleotide primer 
comprises essoitially two regions, a 5' region containing either sequences 
^coding a restriction endonuclease recognition site or a portion of 

30 complementarity determining region (CDR) from a non-human immunoglobulin 
geaie of interest, and a 3' region complemoitaiy to a frameworic region adjacent to 
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the complementarity detennining legion to which tbe 5" portion of the primer is 
complementazy. Sets of such PCR primers aie ptepaxed for each framewoik 
region ci the human immimogiobulm gene that will furnish the human sequraces 
for humanizing the non-human immunoj^obulin gene of intmst. The primers are 
5 constructed so that 5' and 3' regions that code within the same CDR region are 
overtyping. An advantage of using overl^^ing PCR to synthesize a nucleic acid 
sequence encoding a humanized non-human immunoglobulin sequence is in the 
minimcatiQn of lestiictioii digest/ligatioii reactions and oUgonudeotide synthesis 
reactions. The 5"^ CDR con^iementary scions cxf the FCR prim«:s are 

10 cconplanentaiy to to CDR complementary regions of PCR primers that have 3 ' 
regions complementary to adjacent frameworic regions. As indicated in Figure 2, 
rq)eated rounds of PCR give rise to a nucleic add sequence comprising the parent 
human immunc^obulin sequence in all nsgions except for the complementari^ 
deteiminiiig z^ons» these regions bdi^ derived iiom the complememary 

15 determining regions of non-human immunoglobulin genes synthesizing an 

immunoglobulin specific for the antigen of interest. However, small portions of 
murine frameworis: &2quence (particularly the canonical residues described by 
Chothia, et al.) may be required in. order to goDGsasc an active antigen combimng 
ate. 

20 The humanized immunoglobulins chains of the subject invention are 

prefendily utilized in the form of multi-polypeptide inmmnoglobulins comprising at 
least one humanized immunoglobulin variable region functional pair. In muM- 
polypeptide fanmanized hnmunoglobulins comprising vaxmble r^on functional 
pairsy the variafite xenons of the functional pair are prefeiably localized in space 

25 (the pair members are in functional proximity to each o tor) so as to form an 

antigen combining site in which to antigen binding site is, at least in part, formed 
by to hypervariable regions of both to light chain-derived and heavy chain- 
derived hypovariable r^ons of 520C^ or olii^ c-abiB-2 specific antibodies. 
However, to H diidn variable region ofken contributes more fhat to L chain 

30 variable legjon in to interactibn with antigen. 

Single humanized immunoglobulin dmins may be joined to eadi other so as 
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to fonn multi-poiypeptide immunoglobulins by a variety of means. Such joining 
means include bodi ionic interactions and covalent bonds. The means of joining 
individual immunoglobulin chains so as to form a multi-polypeptide 
immunoglobulin aie piiefeiably, although not necessarily, by means of covalcnit 

5 linkage. The preferred means of covalent linkage is by means of disulfide bridges 
between cysteine residues located within the humanized inununoglobulin chains of 
interest; however, covalent linkage may also be effected through the use of cross- 
linking leagents such as dimethyl-3,3'ditMobi^m)inoiiimidate, NH^-azidophenyl) 
plitfaalamide, and tiie like. Humanizsed immunoglobulin chains may be joined so as 

10 to produce multi^polypqptide immunoglobulins molecules structurally analogous to 
antibodies or fragments thereof, including Fab fragments. Fab' fragments, F(ab')2 
fragments, Fabc fragments, Fd fragments, Fr fragments, Fv fragments, single 
chain Fv fragmQ[tts, and the like. The available literatarB provides for methods 
for produdng antibodies and fragments ttisttsai from polypeptides synthesized by 

15 recombinant DNA and jn vitro synthesis techniques. 

The humanized immunoglobulins of the subject invention may be 
cragugalfid to a variety of therapeutic moieties. By therapeutic moieties it is 
intended a variety of compounds or atoms that find use in the treatment or 
detection of disease conditions. Compounds that find use in treatiiig disease 

20 conditions include toxins (or active portions thereof) such as diphtheria toxin, 
ricin, or Pseudomonas exotoxin, enzymes, conventional drugs and prodrugs. In 
general, the humanized immunoglobulins of the subject invention may be 
draivatizied by known method for conjugating therapeutic moieties to antibodies so 
as to produce inghly specific drugs or imaging agents. Otiier ther^seutic moi^les 

25 of interest for conjugation to the humanized immunoglobulins of the subject 

invention include radio-opaque imaging agents. TherEq)eutic moieties also include 
radionuclides for use in imaging or in irradiating tissue, such as '^Re, *"^Re, 
"Cu, "*At, ai2Bi 1251^ mj ^nd tiie like. 

Humanized immunoglobulin sequ^oes may be modified by tiie addition of 

30 a variety of a secretion signal sequences preferable joined to tiie amino temunus of 
the humanized immunoglobulin polypeptide. Secretion ^gnal sequences (also 
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lefeiied to as "signal sequences") serve to provide a signal to the secretion 
"machinery" of a cell to e?qx>it poiypqitides bearing such a sequence. The use of 
signal sequences to direct the cellular localization and/or expoa of polypeptides 
not naturally jomed to the s^nal sequrace^ i.e., hetetoiogous with respect to the 

5 s^nal sequoice, is well known in the field of recombinant gene expression. Thus 
signal sequences may be used to simplify the process of purification of the subjects 
polypeptides from recombinant ceU expression systems for several reasons, 
including obviating the need to lyse host cells and the need to produce subcellular 
factions wiched for the polypqptide of jntmsL l^eader sequences typically 

10 coinpnse a charged amino add at the N-teimimis followed by a short hydn^hobic 
amino acid sequences. Leader sequences may be selected on the basis of the 
cellular e^qpression system used to synthesize the humanized immunoglobulin 
polypeptide. Signal sequences are preferably selected so as to be removed either 
canorpleteiy or substantially fixnn the hirni^Tifaw^ imnranogiobulin sequence of 

15 inieiest. The actual leador sequoices enqiloyed wiU vary In accordance with the 
choice of cellular expression system select. Although leader sequences are 
known to direct the localization of proteins in heterologous expression systems, 
i.e., host cells not naturally producing the protein that is the source of the signal 
sequence, it is pr^ecable to use ieada- sequences firom polypeptide natuially 

20 fflqnessed IxL the ceDnlar ^^nessicHi host. When expressing humanized 

immunoglobulins in bacterial systms, a PhoA . i.e., alkaline phosphatase^ signal 
sequence is preferably used for expression in £. coU. Other bacterial protein 
signal sequences of interest include those from the ompA and pelB genes. For 
^qnsssicni in immmalian cdls, the use of an immunoglobulrn leader sequence is 

25 preifeired. For eqxression in yeast cdls, an aSfitsa. ^ctorieader sequence, among 
others, may be used as a signal sequence. 

The humanized immunoglobulins of the subject invention may or may not 
contain "tag" amino acid sequences. Such "t^" sequences are short amino acid 
sequence, mumaUy no more than 20 amino adds in lengdi,piele^ 15 

30 amino adds in length. Tag sequences may be inctuded in the amino acid sequence 
of the subject humanized immuno^obulins for fbe purpose of purifying, detectii^ 
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(or quantifying) the poiypq)tides of the subject invention by use of antibodies, 
including monoclonal antibodies, (or similar reagents) capable of specifically 
binding to the tag sequrace. "Dig sequences without attached immunoglobulin 
amino acid sequraices may be synthesized in vitro using various well-known 
5 techniques, including commercially available polypqitide synthesis machines. The 
in vitro synthesized tag sequences may then be injected into suitable animals so as 
to induce an immune response directed to the tag sequence. Antibodies specific 
for a tag sequrace of interest may also be prq>aied by immunizing an animal with 
a protein faavuig a primary amino add secpience that includes the tag sequence of 

10 interest. Tag sequences are preferably attached at or near the COOH terminal end 
of immunoglobulin molecules. A tag sequence of particular interest is a sequence 
recognized by the KT3 monoclonal antibody. An amino acid sequence recognized 
by KT3 is TPPFEPET. Anoth^ example of a tag sequence that may be insetted 
at the caiboxy tCTiinal (or intenially as wdl) of an immunoglbbulin sequence is 

15 the sequence EEEEYMPME. f Gniissenmever. et a! Pmc Natl V^^^. ^^j, TTSA 
82, 7952-54 (1982)). 

The humanized immunoglobulins of the subject invention may be expressed 
in cellular hosts after the sequences encoding the hnmanm^ immunoglobulins 
have been operably jdned to expression control sequences. Nucleotide sequiaices 

20 for expression may be conveniently opeiably joined to expression control 

sequences by insertion into restriction sites in expression vectors. Expression 
vectors may contain expression control sequences located near useful restriction 
sites, and are typically replaceable in the host orgamsm either as extra 
chiDmos(»nal elements, sudb a& plasmids, or as an integral part of the host 

25 chtomosomal DNA. Expression vectors may contain selectable mariners, such as 
antibiotic resistance, to permit detection of those cells transformed with the 
nucleotide sequences of interest, see for example U.S. Patent No. 4,794,362, 
which is her^ incotporated by vefoence. 

Tlie polypeptides of the subject invoition may be e^qiressed in a variety of 

30 cell ^pes. The liteiature available to those sAdUed in the art describe numerous 
cellular expression systems for polypeptides of interest and e^qiression vectors for 
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use in those systems. See for example Methods of Fnyvmnlnyyv Vol. 185, 
GoeddeL Academic Press (1990) . Humanized immunoglobulins may be recovered 
and purified from lecombinant host cells using conventional techniques for 
lecovoy and purification of lecombiiiantly produced protdns. 

5 Nucleotide sequences encoding hunianized immunoglobulins may be 

expressed in a variety of cells. Cells for expression may be either eukaryotic or 
prokaryotic. Prokaryotic hosts of interest include Bacillus suhtilis . as well as 
other Bacilli, enterobactenaceae, such as £. coli . as well as various Streptomvces . 
Satmnnella . Senatia. and Pseuddmonas speciss. Among piokaxyotic host cells 

10 spedeSy £. ssM. is particularly piefimed because of tbi^ great deal available 
literature dealing with expression in E. coli . 

Other microbial organisms, such as yeast, may be used for e^^ression of 
the subject humanized immunoglobulins* Saccharomyces cenevisae is a prefeiied 
non-bacterial miciobial ^qnesaon hosL 

15 Odier non-mammalian eokaiyotic expression host odis of interest include 

insect cells that may be used with bacculovirus expression systems, 

la addition to the use of microbiai, and invertebrate cells, mammalian cells 
grown in tissue culture may also be used to produce the polypeptides of the 
present invention. The polypqitides of the presait invention may be expressed i^ 

20 any mammalian cell Systran that nuty be used to express immunogiobulm 

polypq)tides. Eukaryotic cells are preferred cellular hosts for the expression of 
subject polypeptides as opposed to non-mammalian cells, because of the numerous 
advantages associated with using mamm alian cells, such advantages include 
su^Ie signal-sequence pixsoessii^y glycosyiatkniy secretion machinery and the 

25 production of fimctionai fiiU4ragtb inmiutioglobidinsw Mammalian cells fn* use as 
expression hosts include CHQ cell lines, various COS cdl ]ines« HeLa cdls, 
SP2/0 and the like. 

Host cells for the expression of the polyp^tides of the present invention 
may be goietically man^lated so as to produce one» or more faomanized 

30 immunoglobulins. Wbem two hmnamzed immunoglobulin diains are produced by 
the same cell line, it is of interest to produce a first inununoglobulin chain haying 
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a humanized variable region that comprising one member of the functional pair of 
variable regions specitic for c-erbB-2 and a second immunoglobulin chain 
comprising the other member of the same functional pair of variable regions for c- 
e[h&-2. Thus, by producing cells genetically manipulated so as to escpiess two 

5 such humanized immunoglobulins chains, multi-polypeptide inmiunoglobiilins 
comprising a functional c-eibB-2 antigen binding site may be produced either in 
vivo , or in the supematants of cell cultures. 

In addition to the production of humanized immunoglobulins by 
recombinant methods, automated equqnnent for the direct synthesis of polypeptides 

10 disclosed herein is commercially available. Such equipment provides access to 
pq)tides of the invention, either by direct synthesis or by synthesis of a series of 
fragments that can be coupled using other known techniques. 

Hie humanized immunoglobulins of the subject invention and 
phannaceutical compositions theieof are particularly useful for paxemeral 

15 administration, e.g., subcutaneously intramuscularly or intiavenously. The 

compositions for parenteral administration wiU typically comprise a solution of the 
humanized immunoglobulin dissolved in a physiologically acceptable carrier, 
preferably an acpieous carrier. A variety of aqueous caxriexs can be used, e.g., 
water, buffered water, physiological saline, 0.3% glycine, and the like. Solutions 

20 for parenteral administration are preferably sterile and generally free of particulate 
matter. Compositions for parenteral administration may be lyophilized for 
convenient storage and rehydrated prior to use. These compositions for parenteral 
administration may be sterilized by conventional steriUzadkm techniques. The 
compositions may contain phannaceuticaUy aocqnable auxiliary substances as 

25 required to sqiproximate physiological conditions such as pH adjusting and 
buffering agents, toxicity adjusting agents and the like, for example sodium 
acetate, sodium chloride, potassium chloride, calcium chloride, sodium lactate and 
the like. Hie concentnttion of humanized immunQgk)buiin in these formulations 
can vary widely, i.e., from less than about 0.5%, but usually at or at least about 

30 1 % to as much as 15 % or 20% by weight and maybe selected primarily based on 
fluid volumes, viscosities^etc., in accordance with the particular mode of 



WOd3/21319 PCT/US93/(B0»0 

18 

ac&nimstradon selected. 

The inventioii having been desciibeci, th& following examples axe offered 
to iUasdate the subject invention by way of iUnstiation, not by way of limitation. 

5 Overview of Production of Nndrfc Acid Segnetices Bacoding 

la ovBiiap exten^on, is |ieifinmed with ptimefs that Imve 
CQmpIemoitafy 5* esids so that products ftom a first round of reactions can be 
mixed, mdted, and leannealed to provide a template for the synthesis of longer 

10 extension products in a second round reaction. To himianize the muiine antibody 
of interest, primers were designed whose 3' ends anneal to human frameworks, 
and whose 5' ends ^tiier contain cloning sites, or encode muiine 520C9 CDR^s. 
A genraal sdieme for immaniTing an antibody is shown in Pigme 2. The first 
round of PCR utilizes DNA template from the selected human parent TSYC 1147- 

15 28 or TYSC 1150-38 and results in four individual fragments, each containing 
either human FRl, hunum FR2, human PR3 or human FR4, flanked by cloning 
sites and/or CDR's. The FR4 ftagmoit is large because it also contains the first 
Chi domain of the bmnan constaidt i^on. The n^ round of PCR involves 
annealing CDRl aims on first round piochicts "A*' and "B", and results in a longer 

20 fragment. "E",, which consists of, in the 5' to 3' direction: a cloning site, human 
FRl, mouse CDRl, humanS2, and a primer generated CDR2 arm. The other 
round two reaction anneals mouse CPH3 anns on first round products "C" and 
"D", and produces a fiagm^ confaioiog human FR3, FR4 and constant regions. 
This second round product, "F% is flanked at it& 5' «aid by mouse CDR2^ and on 

25 the 3' end by another cloning ^te. The final round of PCR anneals the 

complementary CDR2 ends in ftagments "E" and "F** and creates ^e complete 
humanized "G" fiagment. 

Ibe "G" fragmoit is placed into an e^qnession vector. Heavy and light 
cbsun "G" fragments undKgo s^iaiate iestiictioh digests for figation into their own 

30 pI7C vecttirs and are transfonned mto ss& host DGIOI. Transfonnants are 
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scieened for the presence of inseA, and DNA from several potential candidates is 
sequenced. Clones with the correct sequence undergo another round of PCR with 
primers designed for incaiporadon of a {AoA promotor/leader sequence in front of 
the antibody coding sequence (See Hguie 5). The PCR product containing phoA- 
5 antibody sequence is digested and cloned into a piBR322 based vector and 

transformed into £. coM host MM294. Transfonnants are screened, and potential 
candidates are identified and sequenced. Clones bearing the correct sequence of 
each chain are induced for expression on the putative faumanizedi immunoglobulin 
and diecked for expression by Western analysis. The iinal constnict to prcxhice a 
10 humanized Fab fragment is made by combining the light chain coding sequence 
with the heavy chain coding sequence. This last process involves a PCR step and 
a restriction/ligation step. 

EMinple 2 
Selection of Human Parent Framftwp^ 

15 Human framewoiics, or "parents", were chosen by a "TFASTA" computer 

alignment which generated the ten best tits with human immunoglobulin sequences 
in the searched database. The s^ection was based on overall similarity of amino 
acid residues between the human and die original mouse 520C9 seqiMnce. The 
human sequence database was produced by cloning sq^ximately 100 heavy and 

20 light chains of immunoglobulin genes from EBV transformed human cells, and 
subsequently sequencing the cloned genes. In addition, both L and H chain 
variable regions were sequenced from cDNA copied from human peripheral blood 
cells usung primers that weie deigned for PCR amplification of tiie V idyvions 
into the acgacent constant domain these sequences and compsaoA with the mouse 

25 variable regions that were to be hyperchimerized. 

The chosen human frameworic must not interfere with the presentation of 
the mouse CDRs to the target antigen. Chothia, ^ al. Nature 342:877-883 (1989) 
hypothesized that a small rqpeitoirB of **canonical" confonnations of hypervariable 
regions exist and the structure of a given CDR is strongly influenced by a few 

30 amino acid residues at key positions. Such canonical residues are found in CDR 
and FR regions. The human frameworics selected for each chain have canonical 
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residues similar to that of the mouse antibody. 

According to the theory of Chothia, et al^, the heavy chain canonical 
lesidoes of special importance aie amino adds #26, 27, 29, 34, 55, and 94. in 
tiie mouse 520C9 heavy chain, &ese issidoes aie, in oixi»^ Gly, 1^ 

5 Gly, andAig. In the best fitting hmnan heavy chain parent, TSYCl 147^28, all 
canonical residues match exc^t #34, which is an isoleucine instead of a 
methionine. No other human parent within the top five selected for overall 
science sinulari^ matched bett^ than TSYC1147-2S. T3ms, TSYCl 147-28 was 
chosen as the human heavy chain £namewoik p^ent for grafting with mouse heavy 

10 chain CDR's. 

light chain canonical residues of special importance are amino acids #2, 
25, 29, 33, 48, 64, 71, 90, and #95. In the mouse 520C9 light chain, the residues 
are, in order. Be, Ala, He, Leu, He, Gly, Tyr,, Gln^ and Pro. In the best fitting 
light i^ain human parent, XSYC1150-38, dght of nine residues match. Only 

15 residue number 71, where phenylalanine rqplaces ^rosine, does not match. The 
second best fitting light chain human patent, TSYCl 150^8, matches at only six of 
the nine canonical residues. Amino add #29 is leucine instead of isoleucine; #71 
is pfaoiylsdanine instead to ^rosme; and #95 is phenylalanine instead of proline. 
Two human light diain fiameworics, tSYCIt5D-38» and -08, wm chosen for 

20 grafting of mouse light chain CDR's. Humanizadon of 11^ ch^in has been 
completed with only TSYCI150-38 as parent. 

Kramplfe ^ 

Design of Primers for Framewoik Grafting bv Qvend^ipinip PCR 
The e;q>ectBd sequences for heavy and light chain, from humanizadon of 
25 mouse 520C9 CDR's with human parent frameworks, is given in figure 1 . Hght 
primers for each chain were deseed based on the scheme presented in figure 4. 
Each primer contains two regions, one bearing sequence which am^ig to human 
framework, and ite other ^th^ confaining a c^nii^ site or bearing sequoice 
which encodes for a mouse CDR. Half of the primers are upstream (located at the 
30 5' end of the reaction) primers and tiie other half, downstream (located at the 3' 
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end of the reaction) piimers. Each PCR reaction lequiies one upstream (front) 

and one downstream (back) piimer. A short explanation of each primer foUows 

(The abbreviations HC and LC refer to heavy chain and light chain, respectively): 

CLC17(HQ or CLC24(LC):(upstrBam) 
5 5* end contains cloning sites XhoK HC) or SacI(LC); 

3*^ end anneals to FRl. 

CXC18(HC) or CIjC25(LC):(downstream) 
3' end anneals to FRl; 
5' end oicodes fbr CDRl. 

10 CIjC19(HC) or CLC26(LC):upstteam 

5' end encodes for CDRl. 
3' end anneals to FR2. 

CIjC20(HC) or CLC27(LC): (downstream) 
3' end anneals to FR2 ; 
15 5' end encodes for CDR2. 

CLC21(HC) or CLC28(LC):(upstieam) 
5' end oicodes for CDR2; 
3' ead anneals to FR3. 

CLC22^C) or CIjC29(IjC): (downstream) 
20 3' mi amieais to FR3; 

5' Old encodes for Cn>R3. 

CLC23(HC) or CLC30(LC): (upstream) 
5' end encodes for CDR3; 

3; end anneals to FR4, for extension througli human constant 



25 region 



30 



SYPiaoIC) or SYC324(LC);(downstiBam) 

3' end anoeals to the end of tiie HC or LC 

ooostant region. 
5' end comains cloning sites Sped fflO or Xbal fLO 

The heavy and fight drain "G" ftagments were digested with restriction 
enzymes in separate reactions and cloned into their own pUC vectors. ligation 
were then transformed into DGlOl host Potential clones were identified by 
colony PCR or by min^>r^ analysis and were sequenced. The corrBctly 
humanized heavy chain in pUC was found in clone TCC19-4 
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Design of Primer s for pfaoA Incoiporation 5' to th& Humanized Heavy Chain 

FonrprimeiSy W to as shown is figure 5, aie needed for the oveds^ 

extension PCR that mcoiporaies phoA promotor and leader sequences in front of 

5 immuDogiobiilin coding sequences. Each primer in the figure is disaissed below: 

Primer W anneals to a portion of the plasmid pSYC1087 ahead of a region 

encoding for the phoA promoter and .leader sequence. The primer can foe divided 

into two parts. One part anneals to piER sequence, the plasmid bacidxine^ and the 

othCT anneals to restriction sites whidi precede phoA sapiences in pSYC 1087. 

10 W: (HCorLC) 

LWOl: 5^-GGGG ATCGAT AAGCTT GGG CTGCAG GTCGAC 
pBB322 sequence Qlldm £^ Sd^ 

Primers X and Y together create an in-fiame junction between the end of 
the pfaoA leader and the sequence encoding human amino acid #1 in the antibody. 

15 These primer sets are specific for each antibody. They are often modified to 
encode for amino acids that are missing from the human parent sequences. For 
exan^le^ immediately following, Le. 3' to, tbi^ |^A sequences, tiie primers for 
die humanized 520C9 heavy chain jun^on region encode for the first six human 
consensus amino acids found in Kabat, ^ il. , Sequences of protdns of 

2Q immunological interest 4th ed, U.S. D^. HHS (1987). It is necessary to supply 
these amino acids because the human library was created by primers which start at 
amino acid #7 of the heavy chain. 

Y: (HQ 

LWI3: 5' r— I GAG ATC CAA CTG GTG GAG | TCT GGG CCT GAG 

25 GTG 

tWl4: GGACACTGrTTrCGG f Crc TAC GTT GAC CAC CTC | 5* 

Xi (HQ 

end of pniA tcMder 1st njc eonsensm hmnm start of 7K1 in 

HC s.a. from Kabat TSYC 1147-28 

30 Y: (LQ 

LWI6: 5' —CCT GTG ACA AAA GCC [ GAC ATC CAG ATG ACC CAG 
LW17: GGACACTGTTITCGG { CTG TAG GTC TAC TGG GTG— 5' 
Xt OJQ 

end of phoA leader start of FRt in TSYC IIS0-3S 

ul3i 

35 Primer Z is a back primer whose 3' end anneals to the final nucleotides of 
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the human heavy or light chain constant region. Its 5' end contains cloning sites: 
either Spel for heavy chain, or Xbal for light chain. 

Z: (HC) 

LW15: G TTG TTC CAC CTG TTG TTT I TGA TCA 1 CCC C — 5' 
5 end of human heavy chain Spel 

constant region 

Z: (LC) 

LW20: AAG TTG TCC CCT CTC ACA | ATT A 1 GAG CTC CCT AGG CGG— 5' 
end of Jumna light chain STOP Xhol BamHI 

10 caoBtaiit region 

The piDducts were rBStriction digested with ifindQX and Spel and were 
cloned into a pBR based vector with an ampicillin selection maiicer. Downstream 
from the Spel site, the vector carried the KT3 peptide sequence, NH3-TPPPEPET- 
COOH, in frame with the heavy chain peptide and the B. thuringiensis ciystal 
15 piotdn transcrqAional terminator. Tnmsfbnnants in MM294 were saGeoGd for 
insects, and several clones bearing insert were sequenced. LW156 contained 
correct phoA promotor and leader seqooK^s and oonectly encodes for the 
humanized "520C9-28" heavy chain. 

fihnA Tnmmcinirimi Ahead of Kiimani zrH T iplit rhain 
The wrong template was inadvertently used to create the ''G" fragment ( 
"G" as in the Figure 2 scheme). The mistake was not realized until sequencing 
revealed that one of the humanized light chain "G" fragments for parent 
TSYC1150-38 matched that of the desired fused done. Instead of starting over and 
creating a new "G" hagmesA using the correct template, the sequenced matttials 
were modified. Amino acid alignment of sequenced ckmes with tiie fused 
"S20C9-38" sequence indicated that clone "38-18" most resembles the desired 
sequence. It contained one error at amino acid 43 (in framewoik r^on 2, i.e., 
FR2), changing alanine to threonine and other errors in tlie constant regiai. 

Oveiiap PGR was peifbnned (see Figure 6) to create the correctty fiised 
light chain sequence by using templates which were correct for differrait regions of 
the variable and the constant region, and at the same time, to incorporate the phoA 
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junction. pSYC1087 was used as the pfaoA template, "08-11" was used as a 
template for FRl, CDRl, and FR2 because it possessed the correct amino acid, 
threonine, at position ^43. "38-18" was used as the template for FR2, CDK2, 
FR3, GDRSy and FR4* Anotho- cione^ "38-17" was used as toi^te for the FR4 

5 and the constant region. Existing primers were used to create products wiiich 
would anneal to each other in second and thiid round extensions. Primer W» 
LWOl, and light chain juncdon piimer Y, LW17, were used to amplify 
pSYC1087. Light chain junction primer X, IJW16, and CLC27 amplified "08- 
11": CLC27 was desCTbed eariier and anneals to FBI and CDR2 regions. 

10 CLC26 and CLC20 amplifi^i "3S-18". CLC26 anneals to GDRl and FR2, while 
CLC29 anneals to FR4 and part of the constant region. GLC30, a perfect 
complement to CLC29, and Z primer LW20 amplified "38-17" to provide the 
correct constant region. 

Bl the seccmd round, PGR pnxlucts from pSYC10&7 a^^ 

15 melted, zeannealed at the phoA-lfRI juncdon, and extended to create a longer 
fragment that contains correct sequence up to CDR2. Products from "38-18" and 
"38-17" were melted^ reannealed at the CLC29-20 junction, and extended to form 
a longer fragment, which contains sequence fiom CDRl to die «nd of the constant 
region. The latter second round fragmrat carries the incorrect amino acid #43^ 

20 alanine, ftom its pas^ "38-18", and is the source of the problem for the final 
extension step. The two second round products melt and anneal at a large region 
encompassing CDRl, FR2, and CDR2, and extend to potentially form the final 
phoA-lmmansEBd light chain product. A problem occurs because tfaeie are two 
templates for anuno acid residue 43, where one encodes fordueonine and the 

25 other, for ajanine. Becauseat least half of the tonplates for that po^on are 
inconect, the same proportion of the final products will also bear that eitor. 

Hie PGR products were digested widi ^ndm and Xhol and were ligated 
into a pBX^22 based vector, similar to the one for the heavy chain, but minus die 
KT3 tag sequence. Transfonnants in MM294 were screened by colony PGR and 

30 by inin^rq> restdcdon analy^s, and potential candidate w^ sequenced. Clone 
LW206 contains the correct phoA pomoter and lead^ sequence, and correct 
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variable and OQnstant region amino acid sequence for humanized "S20C9-38" light 
chain. 

KYgfliplft ft 

Constmpaon of ff^n^ffy»i7fff1 Fab 
5 Plasmid from humanized heavy chain in the phoA expression vector, 

pLW144, was cut with IJsJI and Xho l and purified. Separately , a PGR reaction 
was performed, using clone LW206 as template, to add a site ahead of the 
I^iqA leader sequence. Restriction digest of the PGR product with UsS and SiSl 
resuhed in a fragment of approximately SOObp ready for cloning behind the heavy 
10 chain V gene. ligation and transformation (TLW170) into MM294 E. coji host 
resulted in a large number of insert-bearing clones. Clones TLW170-1 and 
TLW170-3 were sequenced and confirmed to contain correct phoA, heavy chain, 
the KT3 tag, and light chain sequraices. 

Example 7 

15 Purification nf Humanized S20C9 E. Coll Expressed Fab 

One liter of cell culture E. c^ strain TLW170-1 was inoculated and 
induced for raqnession of die plasndd encoded proteins for about 8 hours. 



Low Hmsphate Induction: 

A tube or flask containing Hi P medium [High Phosphate Medium (Hi P): 

20 = Low phosphate medium with 10 mM in KH2PO4 was inoculated with a colony 
ctf tiie cells to be induced and grown at 30''C ovmigfat on a shaker. Cdls wm 
coltected by centrifugatioa and washed 7X in equal vohmies of Lo P medium 
[Low Pho^hate Medium (Lo P): IX MOPS, 0.4% glucose, 0.15% vitamin free 
casamino acids (L59), 2 ^g/ml Bl (thiamine), 0.1 mM KH2PO4, antibiotic 

25 (ampiciUin, 50'1(X) fig/inli and resuspended in low phosphate medium (10 

mis/tube). The cells wm lesuspended in the original volume in Lo P medium 
and tbea dihited 1:50 into ftesh Lo P. The cells were incubated at 30^C for > 6 
hrs to ovm^fat on a shaker. The cells should achieve a final A^ of 
approximalBly 1. 
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Cells were removed by centrifugation at 10,000 ipm for 30 min* and 
washed once in 50 ml of PBS/NaNs. They were stored at -2°C. 

The pellets were xesuspended into PBS/NaN3, one pdi^ into 25 ml and the 
second pellet 40 ml. The fiist was lefinozen at -lO'^C and thawed at ST'^C a total 
5 of four rimes jnfflwding the uutiai thaw. The second pellet^ was sonicated four 
times of two minute duration. Both the fteeze/thaw and sonication mixtures were 
centiifuged at 10,000 ipm for 30 minutes. 

The following samples were saved for analysis by ELISA: A-cells in 
growth media, Brgrorwth media iipm the first centiifugation, C-first centdiugation 
10 pdl^ PBS/NaN3 wash, D-fteeze^w pellet, B-ireeze/thaw siqxsniatant &S ml), 
F-sonication pellet, and G-sonicadon supernatant (40 ml). 

An SDS-PAGB nonieducing gel analysis was perfoimed on samples A 
through G. Coomassie Blue staining indicated scmie Fab in sanq>les A, F, 
andG. A c-«dxB-2 EUSA of fractions A tiirough G uKiica^ 
15 F^andG. However, th&aclxvi^k fia^ionB was fomMi to be Mghertha^ 

Similar purification procedures peifoimed on 520C9 (non-humanized) expressed in 
c^ also found die highest level of and c-eibB-2 activi^ in fracdon E. 

To isolate Fab (containing the KT3 tagged H chain), a 2ml affinity column 
of Protein G Sqitoose KT3 was washed widi 3 cofamm volumes of 0.1 M 
20 Na^COs, pH 10.5 , and then a £fage vokune of PBS/Nal^. A sample of each 
supernatant (20 ml of E and 35 ml of G) were s^aiately passed over the same 
colunm. After the sample loading was complete the column was washed with 10 
ml of FBSm&N^ which was added to the flow-4farough vokome. The matraM 
bcyandtod»ca]mmiwas dufedu»ngtO mIof0.1MNa^C^, The 
25 duate was immediately neutralized and the protein concentiatiaa detramined using 
Pierce Coomassie reagent: the sonicated eluted matenal from sample gave a 
concentration of 28 ngftxH and the freeze/thaw sample gave 7 (igfml. SDS-PAGB 
analysis of the starting material, the flow through, and the duate, shows there is 
still a large amount of the Fab in die flow through of both the fiseze/diaw and the 
30 sonicated procedures. 
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Example 8 

Renaturation Studies of Fab Produced in CoU 
RenatuxatiOD of Fab produced in B. ssi& was successfully petformed using 
procedures described in Buchner and Rodoiph, Rin/T^hnfltnpv 9:157-162 (1991). 
5 Using conditions described as optimal by Buchner and Rudolph humanized S20C9 
Fab (TLW170-1) with binding activity to c-eit>B-2 has been produced. 
Fuithermoie, activity in the crude extract was obtained in the absence of 
draatuiation/ieoatainitiQn for two versions of the hnmaniyeri 520C9 Fab (from 
clones 170-1, 169-1). 

10 Methods 

E. coU were grown overnight in 25 mis of HiP medium. The cells were 
harvested by centrifugation (10 minutes, 6,000 rpm in two 15 ml tubes), washed 
once in low phosphate medium. The cells contained in 1 tube (equivalent to 12.5 
mis of liie HiP medium) wm used to inoculate the low phosphate culture* which 

15 was grown at SO'^C for 7 hours. The cells were harvested by centriiiigation and 
combined into one 50 ml centriiiige tube. The cells were either frozen at -20**C 
overnight or treated with lysozyme. 

The freshly collecced or thawed cells were resuspended in 50 mis of 0.1 M 
Tris CI, pH 7.8 containiiig 20 mM EDTA and 0.5 mg lysQzyme/ml at room 

20 temperature for 1 hour. The lysed cells were centriiUged at 20,000 ipm for 25 
minutes and the supernatant stored frozem until they were assayed. Breakage was 
evident by the gel-like nature of the suspension. The pellets were washed with 50 
mM Tris CI, pH8, oontaining 20 mM EDTA. Sonication of one batch was used at 
this stage to break up the pellet and provide better attraction. 

25 The pellets were resuspended in 50 mM Tris CI, pH 7.8, containing 1 % 

Triton X-100, 0.5 M NaCl, and 20 mM EDTA. The pellets were collected by 
centriAigation and washed twice with 50 mM Tris CI, pH 7.8, containing 20 mM 
EDTA. To the drained pellets were added 0.1 M Tris CI, pH8, containing 6 M 
guanidine HCl, 0.3 M diHiiothreitol, and 2 mM ms^TA. The suspension was 

30 vortexed occasionally at room temperature for 1 hour and the pdUet collected by 
CCTtrifugation at 40,000 ipm for 15-20 minutes. The pell^ was reextracted with a 
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smaller volume of denatuiant in one experiment. 

The protein concentration was determined by Bradford analysis. SDS- 
PAGE was run on the samples with and without reduction to d^rmine the purity 
and level of eg^iession of Fab. 
5 BiBnaDinition was achieved by ctiluting the guanidine/I>TE solution of Fab 

into 0.1 M Ttis CI, pH 8.2, containing 2 mM EDTA, 0.2 M L-arginine, and 2 
mM oxidized glutathione. The final dilution of the Fab was 1:100, which 
produces a final concentration of 3 mM DTB in the redox system. The 
lenatuzasion buffer was brought to 11**C befbre dilatian was made. 

10 Results and Discussion 

Time Dependence of Renaturation of Pellet F : 

A pellet (Fy (see section VI for details)^ prodiiced 6om 170-1 humanized 
520C9 Fab in £. was escttacted with guamdine and tHB and loiatmed as 
described above. The total protein concentration in tile i mt uralion buffer was 35 

15 and 18 |ig/ml. Because the pellet during washing looked as if two layers were 
being separated during centriiugation, an attempt was made to separate them, 
resultmg in two fractions, SDS-PAGB analysis did not indicate any differences 
between the two fractions. 

To enable all of the assays to be fkme at once, diliitians from the 

20 guanidine/DTE solution of Fab (store at room temperature) were made at various 
times and renaturation started at ll'^C (lO'^C was intended). Dilutions were 
performed by adding 100 ftl of Fab/guanidine/DTE solution to 10 nOs of 
renatniarion buffer (wMdi bad been stared in the lefngeiat o r) > Aft^ $6 hours of 
fl^atmariqn^ the samples were all assayed at the same time. The staggered times 

25 of renaturation were 86, 74.5, 38.5, 16.5 and 0 hours of renamration. The buffer 
control produced no signal. Activity was detected in ail samples. The best 
recovery of activil^r was seen with the longest time of renaturation. Because no 
positive control was pos^l^ die exim of die recovery ai activity could not be 
estimated. 

30 These samples wm assayed again about 3 days later. The activity was 



wo 93/21319 



PCr/US93/03080 



29 

again observed, but there was less difference between the shortest and longest 
times of xenatuiation. This was expected as ail of the molecules reached the 
"plateau**, region described Budmer and Rudolph. 

These experiments dmoostrate tbat renatuEation of Fab produced in 1. 
5 was possible and that the humanized version of S20C9 refolded and was active. 

Concentration of "Time Dqiende nce" Samples : 

About 6 days after the start of the renaturation studies, all the samples were 
pooled and concentrated on a stined ultrafiltration device. The concentrals was 
stored at 4**C, and became cloudy. 

10 Renaturation of Pellet F : 

Most of the guanidine/DTE solution of pellet F was left after the time 
dependence studies described above. Tbexeforc^ the ronainder was diluted 1:100 
into rBnaturation buffer and incubated at 11°C. ELISA assays leveali^ activity. 

Renaturation of TLWlTO-l! 

15 The ceils from 500 mis of medium induced for 7 hours at SO^'C were 

treated with lysozyme and the siq)»natant collected by ceotrifiigation. Hie pellet 
was retracted widi 4 mis of guanidme/DTE. Because of the presence of DNA, 
the pellets resembled rubber before extraction. Bradford analysis showed that the 
amber colored 40,000 rpm supernatant contained 3,2 mg of protein/ml. The 

20 pnitdnwasdilutedinto340 M of renaturation buffer and incubated at IPC. C- 
abB-2 binding acti^dty was observed by EUSA. 

SDS-PAGE showed that little or no 50,000 MW Fab in the pellet was 
extracted by SDS sample buffer that did not contain reducing agent. However, a 
strong band having a molecular weight of about 25,000 was obtained when the 

25 pellet was extracted with SDS in reducing agent. 



rnmparijOTn nf Hiimamyi^d and Marine Fahsr 

169-1 and 170-1 are two different visions of humanized 520C9 Fab; 46-1 
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is the munns 520C9 Fab expressed in E. cgU. Extraction of the cells obtained 
from 500 mis medium with 1 ml of guanidine/DTE gave total protein 
concentrations (measured by Bradford assay) of 2.78, 3.81, and 5.22 mg/ml, 
respecttvely. ExiracCion of flie remaining pdlet with an additkmal 0.75 ml of 
5 guanidine/DT& gave concentxations of 2.72, L92, and 3.32 mg/mU lespecdv^y. 
The total samples (1.75 ml) were diluted separately into 175 mis of renaturation 
buffer and incubated at II^'C Erfa- binding activi^ was observed with all tiuee 
samples. 

Bstractkm of the peilet with SDS without ledudng agent did not sohibilize 
10 Fab produced by 169-1 and 170-1; however^ the murine Fab, 46-1, was 

soiabilized. All three Babs were solnbilked by SDS containing xedudng agent. 

Isolation of Fab: 

The initml^ refolded Fab pdlet, TLW 170-1 (whic^ was concmtiated to 
sibout 5 ml), developed scmie turbidity after concentration. A one ml sample was 

15 dialyzed against 20 nM Tris CI, pH 8.3, overnight at 4°C. The sample was 
centrifiiged at 100,000 x g for 30 minutes and the supernatant s^iarated by 
chromatography using a Foros strong anion exchange column (0.5 ml fractions 
collected). When tiie san^le was cn^maUy omcentiaiiBd (before tte 
developed), the total protein co nce n tration was 240 |cg/ml and when analyzed by ' 

20 nonreducing SDS-PAGE gel the Fab was just barely visible with Coomassie 

staining. By estimating the protein concentration based on the intensity of staining 
the yield of Fab was determined to be about 50 ngf mL The oittre sample was 
iigected onto the anion exchange column and developed with a NaCl gradient in 20 
mM Tris C!bi^,pH 8.3. Beak tubes were analyzed by SDS-PAGS with silver 

25 stain. A murine Fab generated by papain digestion was used to identify tiie 

relative chromatogr^hic ehidon time. However, gel analysis failed to show any 
FAb band in any of the peaks. An additional sample, however, showed good 
activity on the SKBr3 TNN plate coat assay. 

Thus, botii murine and humanized 520C9 Fabs are active and can be 

30 rraiatnred from gnanidine in a redox system. 



Large samples of £. £Qii; expressing murme 520C9 (46-1) have been 
grown at lower temperatures (23^ and 27 °C) to increase the amount of soluble 
Fab. A. 10 liter sample was induced and grown at 27°C before the cells were 
collected. Hie paiplasmic space was opened to release the solnble, secreted Fab 
localized to the peiqslasmic ^3ace. This mairaial contained active, soluble Fab, as 
measured by SDS-PAGE and ELISA. The Fab obtained from the periplasmic 
space was concentrated and analyzed before it was passed over a column of 
immobilized c-erhB-2 extracellular domain. The column was washed and then 
duted with a high conceQtnMicm of liCl (3.SM). From one-tenth of tiie 
"peiiplasmic Fab", about 400 ^g of Fab was recovered. Fab that was not retained 
by the c-^i>B-2 column was not active wbea assayed by a SDS-TAGE y/estsm 
blot. 

Analysis of the muiine 520C9 Fab (46-1) recovered from the affoiity 
chromatogR^hy column showed essentially the identical results when compared to 
a proteolytically ptoduced sanq>le of 520C9 Fab in an ELISA assay. ItodTore, 
it appears that the association constant of the recombinant Fab is the same, or 
nearly the same (within experimental enor), as the Fab made from intact S20C9 
antibody produced in asdtes ceils. 

Example 9 

Assays on Recnmhinant TTiimflniTi^ ^jprQ Tfah 

The puipose of these experiments was to determine if hiimflniTftfi 520C9 
Fab expressed in £. goU is capable of binding c-eTbB-2. 

Triplicate sets of uninduced and induced E. c^ samples containing 
humanized 520C9 Fab (not refolded) were run on non-redudng SDS PAGE and 
western blottBd onto a monbrane. Two sets were probed with HRP-monodonal 
anti-human k^a chain or with HRP-KT3, i.e., an antibody specific to the 
oligopeptide and TPPPEPET conjugated to horse radish peroxidase. A thiid set 
was probed with c-eibB-2 ECD-HRP. ECD-HRP is horse radish peroxidase 
conjugated to an antibody specific fbr c-eii)B-2 (Nu2) ECD, an extiHcellular 
domain (BCD) of c-eiiiB'2 e>q)ressed in a secr^ form fiom baculovirus infected 
SF9 insect ceUs (ttie Nu2 construct has the TPFPEPEI polypeptide secpience 
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leplacing the transmembrane domain of c-erbB-3- A number of nonspecific bands 
developed in both uninduced and induced lanes. One additional band with near the 
expected mofoility for Fab may have developed only in the induced lanes, but was 
sa close to another non^iedfic band tiiat it could be seen only as a widoiing of the 
5 lane. 

Fab fiagment generated from non-specific human IgG was bound directly 
to PVC micTotiter wells and probed with Zymed~ goat anti-human antibody. 
Some signal was seen, but the signal was weak at the probe dilution used on the 
humanized Fab samples. 
10 To avffld ^ unceitaindes of using the goat and-human probe, an ELESA 

was pKfonned using wells coated with SK-Br-3 TMN cell extract, this extract is a 
source of cell e3q>ressed c-eibB-2 that does not bear the KT3 tag peptide. The 
presence of E« coli produced Fab bound to the cell extract was detected with KT3- 

HRP. A Tt^my nf hnmaiM^yl Thth ggmplftg wirfi tfrig pmtngnl showed activity in 

15 various ihu^ticn^ witii the IdgfiestaGtivily Active 
Fab could not be quantitated in absolute fenns for lack of a purified standard. 

Refolded samples containing humanized 520C9 Fab were assayed with the 
SK-Br-3 TNN/KT3-HSP ELIS A. Samples showed over a ten-fold increase in 
activity that occuned after 86 hours of refoldii^ > 

20 The refolded sanqilBs were leassayed wilit the same EUS A after an 

additional three days refolding time. Some fiiither increase in activity was seen, 
but the EUS A curves flattened. Some sanaples refolded for longer times showed 
less activity; this could have been caused by proteolytic degradation among other 
caused. Sanqdes fam humanized ciones 169-1 and 170-1 were active. 

25 Humanized 520C9 Fsa> fnmi bo& cloiies (169-1 and 170-1) is actiw^ 

R^oldmg call inc^Base activity mm than 10- folcL 

Bfotosig^ Deposits 

On Maxdi 24, 1992, Applicants have deftosited with the Am^ican Type 
Culture Collection, Rodcvine, Md., USA (ATCQ the plasmid pLWl&7, described 
30 heiem ATOC accession no. 68942* lliis deposit was made under the provi^ons 
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of the Budapest Treaty on the International Recognition of the Deposit of 
Microorganisms for the puiposes of patent procedure and the Regulations 
thereunder (Budapest Treaty). This assures maintenance of a viable culmie for 30 
years fiom date of deposit. The oigamsms will be made avmlable by ATCC 
5 under the teims of fbe Budapest Treaty, and subject to an agieanent between 
Applicants and ATCC which assures unrestricted availability upon issuance of the 
peitinent U.S. patent. Availability of the d^sited strains is not to be construed 
as a license to practice the invention in contravention of the rights granted under 
the authority of any government in acoordance with its patent laws. 

10 Equivalents 

All publications and patents mentioned in the above specification are herein 
incqiporated by reference. The foregoing written specification is consideied to be 
sufQdent to enable one skilled in the an to practice die invention. Indeed, various 
fflodificatiiHis of the abovendescribed modes for canying out the invention which 
15 are obvious to those skilled in the field of molecular Inology or related fidds are 
intended to be within die scope of the following claims. 
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WECLAIM: 

Iv An immunoglobulin compnsmg, a humanized variabl& legion, 
whecran said vuiable itegion is a meiabeir of a functkmal pair of variable unions 
spedfic for bindiag to {>«ibB-2. 

2. An immunoglobulin accoiding to claim 1 ^ said immunoglobulin 
further comprising, at least a poition of a human immunoglobulin constant legiom 

3. An immuoQglobidin accoiding to daim 2^ whraein said constant 
legion is a conqilBtB constant r^on. 

4. An inununoglobulin accoiding to claim 2. wherein said humanized 
variable i^oa and said constant r^ion are. of Ae same dbain type. 

5. An linmimo^buliii acooidiiig to claim 4» whecdn said chain type is 
heavy chain. 

6. An immunoglobulin according to claim 4^ wheidn said chain type is 
ligiitchaBK 

7. An immunoglobulin molecule according to claim 1, wherein said 
immunoglobulin fuidier comprises in operable combination, a leader sequence. 

8. An immunoglobulin accoiding to claim 2, said immunoglobulin 
fmfher con^nifflng Is operable ccxnbinatiaii, an oli^ipeptid&tag, wimein said tag 
h joined to said constant region. 

9. A muM-polypqrtide immunoglobulin, comprising an 
Tmnum ftglnhMlin according to claun 1 . 
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10. A multi-polypqptide immunogiobulin according to claim 9, 
conqirismg in operable comfoination, 

a) a first inununoglobulin molecule comprising , a first Hiimaiiiyf^ 
variable region, wherein said variable region is a membo' of a 
iiincdanal pair spedik for c-earbiB-l, and 

b) a second immunoglobulin molecule comprising, a second IwmamyptH 
variable region, wherein said second variable region is a member 
of the same functional pair as said first immunoglobulin variable 
region. 

11. A multi-polypeptide immunoglobulin according to claim 10, whoein 
said first immunogiobulin molecule further comprises a first constant region, and 
said second immunoglobulin molecule further comprises a second constant region. 

12. A muiti-polypcptide inununoglobulin aoooiding to daim 1 1, wherein 
said first constant region of said is a heavy chain constant region, and said second 
constant region is a light chain constant region. 

13. An immunoglobulin according to daim 12, wherein said first 
variable r^ion and said first ccmstant region belong to the same rfiain class, 
wherein said second variable n^on and said second constant region belong to the 
same chain class. 

14. A mnhi-polypeptide immunoglobulin according to claim 12, said 
aggregate further oonipiising a thcEEqieiitic moiety. 

15. A multi-polypq)tide immunoglobulin according to claim 14, wteein 
said therapeutic moiety is selected from the group consisting of, toxins, 
radionuclides, ladio-opaque imaging compounds, enzymes, drags, and pro-drags. 
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16. A nucleotide segoence, said inideotide sequence encodmg a first 
humanized vaiiable legion sequence, wbeiein said variable iegion is a memfaer of 
a foncdonal pair specific for c-ed>B-2. 

17. A flucieo^ sequfflice accDidiiig to daim 16, said sequence 
oonqirising at least a ixntkm of a taima^ 

18. An expression vector, said vector comprising in operable 
combmation, a pnmoier sequence, opoaMy jc»ned to a nucfeo^e sequence 
acconfittg to (^aim 16. 

19. A nucleotide sequence comprising a first nucleotide sequence 
according to claim 16, a second nucleotide sequence according to claim 16, 
wbetdn when the variable regions encoded by said oncleotide sequences of form a 
functiooal pair sped& fipr o«ibB-2. 

20. A thenipeutic composition comprising, an effective amount of a 
multi-polypeptide inununoglobulin according to claim 9. 

21. AceQtt^isformed with a vector according to claim 18. 

22. A method of detecting carcinoma cells, said method con^nising the 
step of, administering a compound according to claim 1 to a patient 

23. Ametiiodaf treating a caiicerpotiatt, said inetiiodccniq^^ 
st^ of adnwnisteting a compoiuidaoooixlii:^ to claim 1 to said patieiiL 



wo 93/21319 



1 /6 
i-GDRB 1 



FCmiS93/03€B0 



COMPLETE NUCLEOTroE SEQUENCE OF 
lUMANIZED ANTI-erbB2 520C9 Fab LW218 [H-28;L-383 



sa. 

*iOX 
XAX 

9 ax 
asi 

90X 

*ox 

4>X 

sax. 

7SX 

• sa 
»ex 
•ax 

XO0X' 

xoaa. 

xxsx 
xaox 

a.35X 
X30X 
X»9X 

x«ox 

X«Sl 

x»ex 
assx 



OCCkA.OA.OTTA. TA.CTCOCTTT 
JVCAAAATA,A^ OTOAAAC 




CTCCTCxee« veTcexcxce 




TCCKCAJL^T MSACTeJUCRC XMOCACTAT 
XACTCT^XAC COCTCXCACA AJUH^JpCCXCX 
7CCXCCCTOT CTOCATCTOT AOtfACKCAOA 

AAOTeAaeAC xxtoctxaxa aeTXAAeera 
AAoeeecxAA oexeexoxxc xacoccacax 
eeAXCAXoox vexereeiuko xeoATcreee 
c fcc c AaxcTO OAaeexoAAo Aa^AxxecAxe 



AXXxxACTar 



eTACAXXXXtt 
OATXAAAeOA 
AXOAOCAOXX 

TxexAceecA 

AXCOOOXAAC 

eeTACAoeeT 
iTex 

CAftAAACAOe 




Acxoxooexo cxecAxexcT exxcAxexxe 
oAAKXGxeoA Aex«cexcxa xxexcrecex 
6A«Ae«eeAA ACTAcu^axoa AAeexeoxTA 

TOCCAOOAOA dXaxeACAOA aCAOOXCAOC 

cxocAoc^^cc exoACoexcsA ocaaagcaca 



*»€AXCAOcc excAesxexxA xxctccaccc 
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FIGURE 5 
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PRIMERS FOR INTRODUCING ANTIBODY SEQUENCES 
INTO A pBR BASED EXPRESSION VECTOR 



phoA promolor 
^ and l«ad«r 



HC or LC coding $»quttnc« 



w 



phoA promoter 
and leador 



I 



i 



HC or LC coding s«qu«nco 



i 



cut phoA-HC PGR product with 
Hindllt & Spet for ligation wth 
expression vector 



cut phoA-LC PGR product with 
Hindlll & Xhol for ligation with 
expression vector 



HindUl 




crystal protein 
terminator 



HindlH 




crystal protein 
terminator 
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